Photoproduction of Hydrogen, Cyanobacteria, Heterocysts, Water Photolysis, Nitrogenase, Uptake Hydrogenase This study was conducted to determine some physiological conditions which influence light-in duced hydrogen evolution by intact cells of the blue-green alga Nostoc muscorum.
Introduction
Light-induced hydrogen evolution by intact bluegreen algae is influenced by environmental factors.
F o r instance, hydrogen production of Anabaena cylindrica was reported to attain a maximum after a 2-day nitrogen starvation [1] , it is increased by opti mum iron supply and arrested by amm onia [2] , Further, hydrogen evolution is increased and stabi lized by inhibitors o f linear photosynthetic electron transport in Nostoc muscorum [3] . The latter treat ment lowers the oxygen level in the cells, thereby de creasing the activity o f the hydrogen-consuming ("uptake") hydrogenase (see also [4] ).
In order to further increase hydrogen production, the role of some external factors affecting the cells during cultivation must be known. Therefore, after growth either under air or nitrogen, and at different temperatures the nitrogenase and hydrogenase activ- 
Results

I. Hydrogen gas exchange, acetylene-reducing activity during growth
Transfer of cells to a medium lacking combined nitrogen leads to an increase o f heterocyst frequency to 7 -9 % o f total cell number during the first 3 or 4 days o f cultivation.
Oxygen production on a chlorophyll basis starts at high initial level, and gradually declines with culti vation time as the bulk chlorophyll is greatly in creased due to mutual shading of the cells (Fig. 1) . During the first 3 days o f cultivation, the photosyn thetic oxygen evolution was lowest when based on packed cell volume (data not shown). This is the pe riod o f nitrogenase induction, and heterocysts in crease to 7 -9 % of cell number, then declining again. The early cultivation period marks the time o f oxy- Hydrogen uptake ranges between 5-11 p.mol H 2/ ml pcv during the growth period and surprisingly is lower than hydrogen evolution. The hydrogen-consuming activities o f both cultures are rather similar, although in nitrogen-grown cultures hydrogen up take is lower towards the end o f the growth period. Indeed, not all o f the hydrogen produced can be consumed again by the uptake hydrogenase activity.
In the stationary phase, heterocyst content, acety lene reduction, hydrogen evolution and uptake de crease to a minimum.
II. Influence o f cultivation temperature
W e studied the dependence of nitrogenase and hydrogenase activity on the cultivation tem perature covering a range of 10 °C . After 3 days, aliquots o f each culture were withdrawn, concentrat ed 3-to 4fold and assayed at 25 °C . Data of Table I demonstrate that photosynthetic oxygen evolution is (Fig. 3 B) as compared to the sample kept in Table I the dark for only 7 h (Fig. 3 A) even when higher light intensity is employed. Light-induced hydrogen evolution without DCM U -being low anywayis little affected. A distinct lag phase in hydrogen evolution becomes apparent after 12 h darkness (Fig. 3 B) . Data for the influence o f oxygen on hydrogen or ethylene generated are given for Nostoc in Table II .
Hydrogen is consumed with increasing amounts o f oxygen present in the assay, decreasing light-induc ed net hydrogen evolution to almost zero at 2% oxy gen present or more. Inhibition o f acetylene reduc tion with intact cell material, however, is only 20% in the presence o f 10% oxygen.
Discussion
From our findings reported earlier [3] we propose that maximum hydrogen evolution can be achieved by the suitable choice o f photosynthetic electron transport inhibitors and illumination intensity vs. a C O /acetylene gas mixture to inhibit the uptake hydrogenase [4] . Even though the former method leads to high increases over the control in air-grown cul tures highest rates in absolute values are always ob tained with material grown under nitrogen ( + C 0 2), i. e. microaerobic conditions (Fig. 2) . Sensitivity o f DCM U-stim ulated hydrogen evolu tion towards ageing (Fig. 3) o f algal material with high heterocyst content can therefore be explained by gradual exhaustion o f organic electron donor(s) upon standing. This is further expressed in the pro nounced lag phase of hydrogen production after a 12 h ageing, which is hardly seen with cells from physiologically older cultures. (Table I) . Since this effect is also observed when C 0 2 is excluded (p. 7) and blue-green algae apparently do not exhibit photoreduction o f C 0 2 with hydrogen [20] we may tentatively assume that hydrogen is activated via (partial) photosynthetic electron transport. In addition, a variable electron donor supply for proton (and nitrogen) reduction is evident. The mechanism and interaction o f these pa rameters have to await further investigation.
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